The sequelae of gestational diabetes (GD) by contemporary criteria that diagnose approximately twice as many women as previously used criteria are unclear.
T he Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study recruited a large, multinational, racially and ethnically diverse cohort of women. 1 The HAPO Study demonstrated that pregnant women who had glucose levels during a 2-hour 75-g oral glucose tolerance test lower than those diagnostic of diabetes were associated with adverse pregnancy outcomes along a continuum. 1 Based on the HAPO Study and other studies, new criteria for the diagnosis of gestational diabetes were proposed by the International Association of Diabetes and Pregnancy Study Groups (IADPSG) 2 and adopted by the World Health Organization and others. 3, 4 The HAPO Follow-up Study examined associations of gestational diabetes (identified post hoc using the IADPSG criteria) with the long-term outcomes of mothers and children. The Carpenter-Coustan criteria 5 are typically used to diagnose gestational diabetes in the United States. This stepwise screening approach begins with a 50-g glucose challenge test, then a 3-hour 100-g oral glucose tolerance test, and has glucose cutoffs similar to the IADPSG cutoffs. However, the Carpenter-Coustan criteria require 2 abnormal glucose values over 3 hours compared with 1 abnormal value required by the IADPSG criteria during a 2-hour 75-g oral glucose tolerance test. Approximately twice as many women are diagnosed with gestational diabetes using the IADPSG criteria compared with the Carpenter-Coustan criteria. 6 Whether women meeting the IADPSG criteria for gestational diabetes and their offspring are at risk for long-term adverse outcomes is unclear.
The primary objectives of this study were to assess whether in utero exposure to untreated gestational diabetes (defined post hoc using the IADPSG criteria) was associated with long-term risk of a disorder of glucose metabolism among mothers and greater adiposity among their children 10 to 14 years' postpartum.
Methods
The study protocol was approved by each center's institutional review board. Mothers gave written informed consent and, at sites that required it, children assented. An external observational study monitoring board oversaw the study. The HAPO Study was a population-based study and women underwent a 75-g oral glucose tolerance test at approximately 28 weeks' gestation as described. 1 Fasting plasma glucose level and 1-hour and 2-hour plasma glucose levels were measured. Results for the oral glucose tolerance test were not known by the caregivers or the participants unless (1) the fasting plasma glucose level was greater than 105 mg/dL (>5.8 mmol/L), (2) the 2-hour plasma glucose level was greater than 200 mg/dL (>11.1 mmol/L), (3) both of these occurred, (4) either measure yielded a plasma glucose level of less than 45 mg/dL (<2.5 mmol/L), or (5) at 34 to 37 weeks' gestation, the random plasma glucose level was 160 mg/dL or greater (≥8.9 mmol/L). 1 A total of 427 participants (1.8%) were informed of their results based on reaching the fasting plasma glucose level threshold, the 2-hour plasma glucose threshold, or both. The remaining participants were not treated because they did not meet any of these criteria and they were not informed of their glucose tolerance test results.
Height, weight, and blood pressure were measured using standard procedures. Demographic and lifestyle characteristics were collected via questionnaire and parity via medical record abstraction. The HAPO Study included women from multiple racial/ethnic groups according to self-report using prespecified categories to describe the study population, ensure broad applicability of the results, and adjust for potential confounding by race/ethnicity due to differences in gestational diabetes or outcome frequencies if not sufficiently modeled by study site (field center).
Participants
The participants for this study were examined between February 13, 2013, and December 13, 2016, at 10 of 15 field centers based on demonstration of feasibility by the field center to recontact and recruit participants. Eligibility criteria included: (1) remaining blind to the results of the oral glucose tolerance test, (2) gestational age at delivery of 37 weeks or greater, and (3) having no major fetal or neonatal malformations or death.
Multiple attempts were made to contact eligible participants through various means approved by local institutional review boards. Screening questionnaires were completed by eligible mothers by telephone to ascertain willingness to participate and confirm eligibility.
Study Visit
During the study visit (additional details appear in eFigures 1 and 2 in the Supplement), height was measured twice without shoes to the nearest 0.5 cm with a stadiometer (if results differed by >1.0 cm, height was measured a third time). Similarly, weight was measured twice using a calibrated scale to the nearest 0.1 kg and again if results differed by more than 0.5 kg. Waist circumference was measured twice at the iliac crest to the nearest 0.1 cm and again if results differed by more than 1.0 cm.
Key Points
Question Is gestational diabetes diagnosed with contemporary criteria associated with long-term risks for a disorder of glucose metabolism in mothers and greater adiposity in children?
Findings In this international multiethnic cohort study of 4697 women and 4832 children followed up for a median of 11.4 years, gestational diabetes defined post hoc was significantly associated with maternal development of a disorder of glucose metabolism (composite of type 2 diabetes or prediabetes; odds ratio, 3.44). Gestational diabetes was not significantly associated with the composite outcome of childhood overweight or obesity.
Meaning Gestational diabetes defined by criteria that identify a larger group of women was associated with a maternal disorder of glucose metabolism.
Skin folds (triceps, subscapular, suprailiac) were measured twice with calibrated calipers (Harpenden) to the nearest 0.1 mm (if results differed by >1.0 mm, they were measured a third time). Body fat percentage was measured by air displacement plethysmography (BOD POD; Cosmed). Blood pressure was measured using a calibrated electronic device (Omron 705) 3 times after sitting for 5 minutes with 1-minute to 2-minute intervals between measurements. The mean of the second and third blood pressure measurements was used for the analysis.
In children, Tanner staging was performed by trained individuals using breast or areolar development or testicular volume (Prader orchidometer). The mothers provided their daughter's menstrual status via questionnaire.
The mothers underwent a 2-hour 75-g oral glucose tolerance test following an 8-hour overnight fast. Nonfasting blood samples were obtained from participants who reported having diabetes that was being treated with oral medication or insulin. The blood samples were processed and stored at −80°C at the field center until shipment to the central laboratory. The 11 mothers who reported being positive for HIV or having hepatitis B or C did not have their blood sampled.
Age, race/ethnicity, family history of diabetes in firstdegree relatives, the number of subsequent pregnancies since the HAPO Study, smoking status, and alcohol consumption were collected by questionnaire.
Laboratory Measurements
Glucose was measured at the clinical chemistry laboratory of Northwestern Memorial Hospital using Beckman-Coulter SYNCHRON LX analyzers. Blinded duplicate samples were assayed several weeks apart and coefficients of variation were calculated within pairs for a random subset of 10%. The mean coefficient of variation was 1.4% for fasting plasma glucose and 1.5% for 2-hour plasma glucose. To exclude type 1 diabetes, serum anti-GAD65, serum anti-insulin, serum anti-ZnT8, and serum anti-IA-2 antibodies were measured at the Barbara Davis Center for all mothers with self-reported treated diabetes or with a new diagnosis of diabetes.
Primary and Secondary Outcomes
The primary maternal outcome was a disorder of glucose metabolism (composite of type 2 diabetes or prediabetes), with prediabetes based on an impaired plasma fasting glucose level, an impaired glucose tolerance test result, or both. Type 2 diabetes and prediabetes also were examined individually as prespecified secondary outcomes. Type 2 diabetes was determined by self-reported treated diabetes or fasting plasma glucose level of 126 mg/dL or greater (≥7.0 mmol/L), 2-hour plasma glucose level of 200 mg/dL or greater (≥11.1 mmol/L), or both, during the oral glucose tolerance test at the study visit. There were 4 mothers with diabetes who were excluded based on antibodies consistent with type 1 diabetes. 7 Prediabetes was defined as a fasting plasma glucose level between 100 and 125 mg/dL (5.6-6.9 mmol/L), a 2-hour plasma glucose level between 140 and 199 mg/dL (7.8-11.0 mmol/L), or both. 8 The primary outcome for children of being overweight or obese was defined by age-and sex-specific body mass index (BMI; calculated as weight in kilograms divided by height in meters squared) cutoffs from the International Obesity Task Force (IOTF) and using Asian-specific cutoffs for Asian children and international cutoffs for all others. 9 Prespecified secondary adiposity outcomes were examined to evaluate the robustness of the primary outcome results for children and included IOTF-defined obesity and body fat percentage, waist circumference, and sum of skinfolds (>85th percentile for latter 3 outcomes). The 85th percentiles were estimated by quantile regression in the HAPO Follow-up Study data set and were adjusted for age, sex, and field center. Body mass index, body fat percentage, waist circumference, and sum of skinfolds also were assessed as continuous outcomes.
Primary Independent Variable
The primary independent variable was gestational diabetes during the pregnancy while enrolled in the HAPO Study, defined post hoc using IADPSG criteria and consists of 1 or more of the following 75-g oral glucose tolerance test results: fasting plasma glucose level of 92 mg/dL or greater (≥5.1 mmol/L), 1-hour plasma glucose level of 180 mg/dL or greater (≥10.0 mmol/L), 2-hour plasma glucose level of 153 mg/dL or greater (≥8.5 mmol/L).
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Statistical Analyses
This study was powered to detect associations of gestational diabetes with childhood measures of adiposity during 10 to 14 years of follow-up. A target sample size of 7000 mother-child pairs was specified, anticipating 300 mother-child pairs at the Chicago, Illinois, and Cleveland, Ohio, field centers and 800 mother-child pairs at the other field centers. Based on the results of the HAPO Study, it was assumed that 16% of participating mothers would have had gestational diabetes using the IADPSG criteria.
Estimating that 25% of children of mothers without gestational diabetes would be overweight or obese, a sample size of 5632 was required to detect an odds ratio (OR) of 1.30 with 90% power for a 2-sided type I error rate of 5%. [10] [11] [12] Correlation between gestational diabetes and other model variables 13 observed in the HAPO Study and anticipated for the follow-up study motivated a 10% increase in the planned sample size. Therefore, based on inclusion of the variables in this study, the total sample size was estimated at 6195. However, due to the uncertainty regarding the frequency of overweight or obesity, the recruitment goal was set as 7000 mother-child pairs. The study was not powered to examine sex-specific associations.
The statistical power for maternal outcomes was evaluated a priori. For the least frequent outcome of type 2 diabetes, 14 the conservative estimate that 2.5% of women with gestational diabetes and 1% of women without gestational diabetes would develop type 2 diabetes yielded an OR of 2.54 and required a sample size of 6156 for 90% power at a 2-sided type I error rate of 5%. A 10% increase in the sample size to account for the correlation between gestational diabetes and other model variables indicated a sample size of 6772, which confirmed 7000 as the recruitment goal.
Data were summarized using frequencies and counts for categorical variables and means and standard deviations for continuous variables. All data were compared by maternal gestational diabetes status. The summary statistics during pregnancy were compared for eligible mothers and for mothers of eligible children who did or did not participate with weighted summaries for nonparticipants to account for varying participation rates at field centers. Histograms and box plots were examined to determine the shape of the distributions and to identify potential outliers. Multiple logistic regression was used to estimate the ORs and 95% CIs for dichotomous outcomes and modified least-squares regression with Huber-White robust standard errors was used to estimate risk differences with 95% CIs.
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Multiple linear regression was used for continuous outcomes to estimate the adjusted mean differences with 95% CIs. Two-sided P < .05 was used for evaluating statistical significance for the primary outcomes of a disorder of glucose metabolism among mothers and overweight or obesity among children.
In a post hoc analysis, the Bonferroni correction was applied to take into account the multiple comparisons involved in evaluating the secondary outcomes; therefore, P < .025 was used for evaluating statistical significance for the 2 secondary outcomes in mothers and P < .0125 was used for the 4 secondary outcomes in children. The statistical analyses were conducted using R version 3.4.1 (R Foundation for Statistical Computing).
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Multiple models were considered for all outcomes and the independent variables were identified according to the study design, known potential confounders, and the adjustments used for the analyses in the HAPO Study. 1 Colinearity was evaluated using pairwise correlations. Logistic regression model fit was measured using the C statistic and confirmed by the Hosmer-Lemeshow goodness-of-fit test. For the overweight or obesity outcome and the obesity outcome, which were defined using the IOTF criteria with sex-and age-specific definitions, adjustment was made for field center only in model 1. For the outcomes of body fat percentage, waist circumference, and sum of skinfolds (>85th percentile for each outcome), model 1 was unadjusted because the 85th percentiles included age, sex, and field center in their definition.
Multiple Imputation and Exploratory Analyses
Multiple imputation under a missing at random assumption 18, 19 using the Mice R package 20 was used in the analyses to model the outcomes for children to account for missing data for Tanner stage and included measured levels of estradiol, testosterone, and serum hormone-binding globulin (additional details appear in the eMethods in the Supplement). Exploratory analyses were conducted using χ 2 tests to evaluate unadjusted associations between gestational diabetes defined by the Carpenter-Coustan criteria vs the IADPSG criteria and outcome frequencies.
Results
Participants
Of 15 812 eligible mother-child pairs (eTable 1 in the Supplement), 9322 were screened to confirm eligibility and willingness to participate. From these, 4834 children and 4747 mothers completed all or part of the study visit, representing 69.1% and 67.8% of the 7000 target, respectively (eFigures 3 and 4 in the Supplement). One child was excluded for inadequate fasting and another child for inability to complete the protocol due to autism, leaving 4832 children (mean [SD] age, 11.4 [1.2] years; 51.0% male) for the analyses. Of these, 4821 had at least 1 physical measurement and 4775 had BMI measurements that were analyzed to determine overweight or obesity status.
Data from 49 mothers were excluded for previous bariatric surgery and from another mother for cancer treatment, leaving 4697 mothers (mean [SD] age, 41.7 [5.7] years) for the analyses. Of these, 4609 had glucose measurements or selfreported treated type 2 diabetes and were included in the analyses for the maternal glucose outcomes. The median duration of follow-up was 11.4 years (interquartile range, 10.6-12.2 years).
For participating mothers and children whose data were analyzed, missing data ranged from 0% to 1.5% for model variables, and most variables had complete data (100%). Only Tanner stage had substantial missingness; 15.2% of girls and 36.3% of boys lacked a trained assessment.
The characteristics of participating mothers overall and by gestational diabetes status appear in Table 1 (data for race/ ethnicity by field center appear in eTables 2 and 3 in the Supplement). Overall, 14.3% (672/4697) of participating mothers had gestational diabetes, which was lower than the 16% anticipated during study planning. For the 672 participating mothers with gestational diabetes, 345 (51.3%) met fasting plasma glucose level criteria, 344 (51.2%) met 1-hour plasma glucose level criteria, and 239 (35.6%) met 2-hour plasma glucose level criteria. The characteristics of the participating children also appear in Table 1 .
The characteristics of the mothers (during the HAPO Study) of the participating children in the follow-up study appear in eTable 4 in the Supplement. At the oral glucose tolerance test during the HAPO Study pregnancy, mothers with gestational diabetes were older, weighed more, and had higher BMIs, mean arterial pressures, and glucose concentrations compared with mothers without gestational diabetes.
At the follow-up study visit, mothers with gestational diabetes had higher BMIs and more frequent family histories of diabetes in first-degree relatives. The BMIs of mothers in both groups during this follow-up study were similar to their BMIs during the original HAPO Study visit at 28 weeks' gestation, suggesting weight gain subsequent to the pregnancy during the HAPO Study. The offspring of all mothers in the study were of similar age and height at follow-up; however, the offspring of mothers with gestational diabetes were heavier than the offspring of mothers without gestational diabetes.
Among women who participated in this follow-up study, the mean age during the HAPO Study was 30.1 years and the frequency of gestational diabetes was 14.3% compared with 29.1 years and 16.3%, respectively, among those women who did not participate (unable to contact or declined) ( Table 1 ). The mean age of the mothers of the children who participated in the follow-up study was 29.9 years and the frequency of gestational diabetes was 14.1% (683 of 4832 mothers) compared with 29.1 years and 16.4%, respectively, among mothers of the children who did not participate (eTable 4 in the Supplement). The mean BMI, fasting plasma glucose level, 1-hour plasma glucose level, and 2-hour plasma glucose level during the HAPO Study oral glucose tolerance test and race/ethnicity were similar between groups.
Model Diagnostics
The Hosmer-Lemeshow P values for the logistic regression models ranged from .35 to .99 for the outcomes of mothers and .13 to .99 for the outcomes of children, indicating reasonable model fit. Colinearity was not a concern because the pairwise correlations ranged from 0 to 0.20 for the model covariates. Residual plots confirmed linear modeling assumptions and DFbeta statistics indicated no observations of undue influence.
The C statistics for the logistic regression models ranged from 0.61 to 0.86 for the outcomes of mothers and increased across models 1 through 3, suggesting better model fit for the outcomes of mothers with covariate adjustments.
The C statistics were lowest for model 1 for the outcomes of children (as low as 0.50). The model fit improved for models 2 and 3 for the outcomes of children, with the highest C statistics ranging from 0.68 to 0.74 in model 4. The R 2 values ranged from 0.05 to 0.28 for continuous outcomes for children and increased across models 1 through 4, suggesting improved fit for the adjusted models.
Gestational Diabetes Status and Maternal Outcomes Primary Outcome
The data for the association of gestational diabetes with a maternal disorder of glucose metabolism at follow-up appear in 
Gestational Diabetes Status and Outcomes for Children
Primary Outcome Among children whose mothers had gestational diabetes, 39.5% (269/681) were overweight or obese compared with 28.6% (1172/4094) of children whose mothers did not have gestational diabetes (Table 3) . These percentages were higher than the estimates used for study planning. Gestational diabetes was positively associated with childhood overweight or obesity (model 1), with slight attenuation after adjusting for Tanner stage and maternal variables during pregnancy (models 2 and 3) ( Table 3) . In model 4, after adjustment for maternal BMI during pregnancy, the association with Gestational diabetes was positively associated with these outcomes (model 1), with slight attenuation after adjusting for Tanner stage and maternal variables during pregnancy (models 2 and 3) ( Table 3) . In model 4 (fully adjusted model), the OR was 1.58 (95% CI, 1.24-2.01) and the risk difference was 5.0% (95% CI, 2.0%-8.0%) for obesity; the OR was 1.35 (95% CI, 1.08-1.68) and the risk difference was 4.2% (95% CI, 0.9%-7.4%) for body fat percentage; the OR was 1.34 (95% CI, 1.08-1.67) and the risk difference was 4.1% (95% CI, 0.8%-7.3%) for waist circumference; and the OR was 1.57 (95% CI, 1.27-1.95) and the risk difference was 6.5% (95% CI, 3.1%-9.9%) for the sum of skinfolds (>85th percentile for latter 3 outcomes).
Compared with the offspring of mothers without gestational diabetes, the offspring of mothers with gestational diabetes had higher BMIs, body fat percentages, waist circumferences, and sum of skinfolds. The adjusted mean differences for the continuous measures of child adiposity were significantly higher in models 1 through 3 among children of mothers with gestational diabetes compared with children of mothers without gestational diabetes (Table 3) .
In model 4, these differences were attenuated after adjusting for maternal BMI during pregnancy; however, all variables except BMI remained significant. The adjusted mean differences among the offspring of mothers with gestational diabetes vs the offspring of mothers without gestational diabetes were 0.26 (95% CI, −0.06 to 0.57) for BMI, 1.05 (95% CI, 0.24 to 1.85) for body fat percentage, 1.28 (95% CI, 0.43 to 2.14) cm for waist circumference, and 2.52 (95% CI, 0.82 to 4.22) mm for sum of skinfolds.
IADPSG vs Carpenter-Coustan Criteria for Gestational Diabetes
The diagnosis of gestational diabetes using the CarpenterCoustan criteria requires 2 abnormal glucose values: a fasting plasma glucose level greater than 95 mg/dL, a 1-hour plasma glucose level greater than 180 mg/dL, a 2-hour plasma glucose level greater than 155 mg/dL, or a 3-hour plasma glucose level greater than 140 mg/dL. This study was not designed to compare women with vs without gestational diabetes defined by the Carpenter-Coustan criteria. f Adjusted for model 3 plus maternal body mass index at oral glucose tolerance test during pregnancy.
g P < .0125 was used for evaluating statistical significance for the secondary adiposity outcomes in children.
h These data are for body mass index, which was calculated as weight in kilograms divided by height in meters squared.
i Assessed by air displacement plethysmography using the BOD POD (Cosmed).
j Outcome ranked as being >85th percentile. The percentile was determined using quantile regression that was adjusted for age, sex, and field center.
k Unadjusted because the 85th percentiles included age, sex, and field center in their definition.
l These data are for the waist circumference (measured at the iliac crest) and are expressed in centimeters.
m These data are expressed in millimeters.
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However, exploratory analyses were conducted using χ 2 tests to compare the outcome frequencies for different groups.
The mothers who had 2 to 3 glucose values that were at or above the Carpenter-Coustan thresholds were identified as having Carpenter-Coustan gestational diabetes. The outcome frequencies for mothers and children were progressively higher across those mothers without gestational diabetes, those with IADPSG-defined gestational diabetes (ie, met IADPSG but not Carpenter-Coustan criteria), and those with CarpenterCoustan-defined gestational diabetes (P < .001 for all outcomes; Table 4 ).
Discussion
This study demonstrated that untreated gestational diabetes (identified post hoc using the IADPSG criteria) was associated with a higher risk for a maternal disorder of glucose metabolism 10 to 14 years' postpartum. The association of gestational diabetes with childhood overweight or obesity was not statistically significant; however, other childhood adiposity measures may be relevant for interpreting the study findings. The IADPSG criteria for gestational diabetes, which were established based on glucose levels associated with adverse pregnancy outcomes in the HAPO Study and in other studies, identify a larger group of mothers than the CarpenterCoustan criteria. In the United States, prevalence of gestational diabetes was 7.4% using the Carpenter-Coustan criteria during a period similar to the HAPO Study. 21 In contrast, gestational diabetes prevalence in the HAPO Study was 17.8% using the IADPSG criteria and the prevalence ranged from 15.5% to 25.5% in the North American HAPO Study field centers.
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In this follow-up study, more than twice as many mothers with IADPSG-defined gestational diabetes compared with mothers with Carpenter-Coustan-defined gestational diabetes (ie, 240 vs 106) developed a disorder of glucose metabolism and there were similar findings for the adiposity outcomes for children. Gestational diabetes according to the Carpenter-Coustan criteria as defined in this study was linked to higher outcome risks. However, the risks for the large group of women meeting the IADPSG-defined criteria for gestational diabetes were substantial and cannot be ignored from a public health perspective.
Gestational diabetes is a risk factor for type 2 diabetes. A meta-analysis of 20 studies that were performed prior to the development of the IADPSG criteria and that used varied criteria to diagnose gestational diabetes demonstrated that women with a history of gestational diabetes had a higher risk of developing type 2 diabetes compared with women with a normoglycemic pregnancy (relative risk, 7.43). 23 The risk factors for progression to type 2 diabetes include maternal age, prepartum and postpartum BMI, family history of type 2 diabetes, receipt of insulin for gestational diabetes, and fasting glucose level during pregnancy. 6, [24] [25] [26] This study demonstrated that a larger population of women with lesser degrees of hyperglycemia (ie, IADPSG-defined gestational diabetes) were at risk for progression to prediabetes and type 2 diabetes. The IADPSG criteria for diagnosing gestational diabetes were developed based on adverse pregnancy outcomes, a All χ 2 2 tests for the post hoc evaluations of the outcomes across the 3 groups yielded P < .001 for all outcomes.
b The International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria are Ն1 of the following results from a 75-g oral glucose tolerance test (1) Ն92 mg/dL for fasting plasma glucose level, (2) Ն180 mg/dL for 1-hour plasma glucose level, or (3) Ն153 mg/dL for 2-hour plasma glucose level.
c Requires 2 abnormal glucose values: a fasting plasma glucose level >95 mg/dL, a 1-hour plasma glucose level >180 mg/dL, a 2-hour plasma glucose level >155 mg/dL, or a 3-hour plasma glucose level >140 mg/dL.
d Defined as fasting plasma glucose level between 100 and 125 mg/dL, 2-hour plasma glucose between 140 and 199 mg/dL, or having both of these.
e Defined as self-reported diabetes or fasting plasma glucose level of Ն126 mg/dL, 2-hour glucose level of Ն200 mg/dL, or having both of these. f Used International Obesity Task Force definition with body mass index-based cutoffs specific to sex and the child's age in months.
g Assessed by air displacement plethysmography using the BOD POD (Cosmed).
h Determined using quantile regression adjusted for age, sex, and field center.
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Original Investigation Research jama.com (Reprinted) JAMA September 11, 2018 Volume 320, Number 10 1013 including higher newborn adiposity, which is a risk factor for childhood adiposity. 27 The current follow-up study demonstrated that IADPSG-defined gestational diabetes was associated with childhood obesity as well as direct measures of child adiposity (eg, sum of skinfolds, body fat percentage). These associations were stronger than the associations with BMI, likely reflecting contributions of both fat and lean body mass to BMI. The higher prevalence of obesity among women with gestational diabetes confounds the association of gestational diabetes with childhood obesity. 28 Higher maternal BMI is associated with higher childhood adiposity through shared genetics, familial lifestyle and environmental factors, and the intrauterine environment. 29 Adjusting for maternal BMI attenuated the associations between gestational diabetes and childhood obesity in earlier studies, 30,31 therefore raising the question whether the association of gestational diabetes with childhood adiposity is independent of maternal BMI. In this study, adjusting for maternal BMI attenuated observed associations of gestational diabetes with measures of childhood adiposity, but multiple associations remained significant, demonstrating that gestational diabetes was associated with these measures independent of maternal BMI. This was consistent with the independent and additive effects of maternal obesity and gestational diabetes on newborn adiposity outcomes in the HAPO Study.
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Whether an association of gestational diabetes with newborn and childhood outcomes is mediated solely through glucose or mixed nutrients, as proposed by Freinkel, 33 remains to be determined. However, recent metabolomics studies performed within the HAPO Study and within other cohorts support the concept that mixed nutrients (eg, sugars, lipids, and amino acids) contribute to associations of maternal hyperglycemia with newborn outcomes.
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This study had several strengths. The participants of the HAPO Study had an oral glucose tolerance test during pregnancy and, in this blinded observational follow-up study, none were prospectively diagnosed with gestational diabetes. Therefore, treatment was not a confounding factor for maternal and child outcomes. In addition, the racial/ethnic diversity of the participants make the findings broadly applicable.
For childhood outcomes in this prospective study, pubertal status was determined and adiposity was characterized using standardized procedures via multiple methods. This study also addressed limitations of previous studies examining the association of gestational diabetes with childhood adiposity, including lack of complete data on glucose values during pregnancy, maternal BMI, and childhood measures of age-adjusted BMI.
30,36-40
Limitations
This study had several limitations. First, the proportion of participants who met IADPSG criteria for gestational diabetes and participated in this study was lower than in all eligible participants.
Second, this study used maternal BMI collected at the time of the oral glucose tolerance test during pregnancy, not pregestational BMI, because objectively measured prepregnancy weight was not available in the HAPO Study. However, for the 4452 mothers of child participants who self-reported prepregnancy BMI during the HAPO Study, the correlation between prepregnancy BMI and BMI during the HAPO Study was 0.92.
Third, during the HAPO Study, 1.8% of participants with oral glucose tolerance test values higher than predefined thresholds during pregnancy were unblinded and excluded from the primary analyses of the HAPO Study and from this follow-up study. 22 This subgroup likely would have included mothers with higher outcome frequencies for type 2 diabetes and prediabetes at the time of this follow-up study and children at the highest risk of overweight or obesity; therefore, the reported associations may be underestimates. Fourth, beyond family history, paternal data were not available. Fifth, recruitment was lower than expected. The prespecified recruitment target was 7000 mother-child pairs; recruitment totals were 67.8% for women and 69.1% for children. The characteristics of all mothers during pregnancy (regardless of participation) were similar; however, social, behavioral, or other differences between participants and nonparticipants that may have confounded associations of gestational diabetes with outcome frequencies cannot be ruled out. Sixth, maternal hemoglobin A 1c levels at follow-up were not used. Seventh, detailed data on postnatal lifestyle that affects childhood adiposity were not available.
Conclusions
Among women with gestational diabetes identified by contemporary criteria compared with those without it, gestational diabetes was significantly associated with a higher maternal risk for a disorder of glucose metabolism during longterm follow-up after pregnancy. Among children of mothers with gestational diabetes vs those without it, the difference in childhood overweight or obesity defined by body mass index cutoffs was not statistically significant; however, additional measures of childhood adiposity may be relevant in interpreting the study findings. Multiple attempts were made to contact all 15,812 eligible mother/child pairs. Of these 9322 were contacted and 4834 children completed at least one component of the HAPO Follow-Up Study visit. Data were excluded from 2 children (1 due to non-fasting status and 1 due to inability to complete the study visit due to autism) leaving 4832 children with physical measurements and/or glucose outcome data. Of these, 4821 had at least one physical measurement and were analyzed for the primary anthropometric outcomes. Of the 4821, 4775 had data available for calculating BMI. For all HAPO FUS child participants for whom a back-up blood sample was available, serum hormone-binding globulin (SHBG) was measured using an immunofluorometric assay. In addition, testosterone was measured for boys and estradiol was measured for girls.
Testosterone and estradiol levels were measured by the Brigham Research Assay Core Laboratory using liquid chromatography (LC) tandem mass spectrometry (MS) at the Brigham and Women's Hospital [1] [2] . The testosterone LC-MS/MS assay has a sensitivity of 0.5 ng/mL and estradiol LC-MS/MS assay 1 pg/mL. SHBG and testosterone were successfully measured in 2199 (89.2%) and 2230 (90.5%) of 2465 boys, respectively. SHBG and estradiol were successfully measured in 2090 (88.3%) and 2131 (90.0%) of 2367 girls, respectively.
Statistical models including adjustment for trained assessment of Tanner stage were performed using multiple imputation. All variables to be used for statistical analyses as well as sex steroid measurements were identified, and then 25 rounds of multiple imputation were performed to impute all missing observations across all variables. Imputations were performed separately for . 
